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(54) Aretention device for a rotating blade

(67)  Thisinvention relates to a blade assembly com-
prising: a hub which is rotatable about an axis; at least
one blade having an aerofoil portion and a root, wherein
the root is coupled to the hub using a primary retention
device which prevents radial separation of the root and
hub in normal use; and, a secondary retention device

having a root part and a hub part, the root part being
located radially inwards of the hub partin aretention cav-
ity in use, wherein at least a portion of the root part enters
the retention cavity via an interlock which prevents radial
separation of the root and hub in the event of a primary
retention device failure.
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Description

[0001] This invention relates to a retention device for
a rotating blade. In particular, the invention relates to a
secondary retention device which provides a failsafe
mechanismto help prevent release of a blade in the event
of a failure of a primary retention device.

[0002] Itis known to use aretention device on rotating
blades, for example, on a propeller of an aircraft engine,
to help prevent radial separation of the blades from the
hub on which they are mounted. It is also known to use
a secondary retention device which acts to prevent the
radial separation of the blade and hub in the event of a
failure of the primary retention device.

[0003] One known propeller assembly which utilises
such a secondary retention device is shown in Figure 1.
The propeller assembly 10 comprises a hub 12 and a
blade 14 having an aerofoil 16 and root 18. The blade 14
is configured to rotate about axis 19 with hub 12 on bear-
ings (not shown) so as to provide a thrust in the direction
indicated by arrow 21. Bearings 24 are provided such
that the blade can be rotated about its longitudinal axis
so as to provide a pitch control system. During manufac-
ture of the propeller assembly 10, the root 18 is inserted
into the hub 14 via an aperture 20 in the outer surface
22 of the hub 14 and the bearings 24 inserted between
respective radially opposing faces 26, 28 of the hub 14
and root 18. The bearings 24 provide the rotational sup-
portrequired of the blade 14 and also actto prevent radial
separation of the blade 14 and hub 12 during use. In this
way, the bearings 24 act as a primary retention device.
[0004] The secondary retention device in the embod-
iment shown in Figure 1 is a circular wire 32 which is fed
into a channel formed from corresponding grooves in the
facing surfaces of the hub 12 and the root 18. In the event
of bearing failure, radial separation of the blade 14 and
hub 12 is prevented by the wire.

[0005] Although the use of the wire 32 as a secondary
retention device can be adequate, it relies on being cor-
rectly installed which requires a skilled operator and ex-
cessive amounts of time. Further, because the wire 32
is neither an integral part of the hub 12 nor the blade 14,
it is subjected to relative movement between these com-
ponents which can lead to vibration and wear problems.
A further difficulty with this system arises due to the con-
cealed location of the wire which makes inspection more
troublesome.

[0006] The presentinvention seeks to overcome some
of the problems with known prior art.

[0007] In a first aspect the present invention provides
a blade assembly comprising: a hub which is rotatable
about an axis; at least one blade having an aerofoil por-
tion and a root, wherein the root is coupled to the hub
using a primary retention device which prevents radial
separation of the root and hub in normal use; and, a sec-
ondary retention device having a root part and a hub part,
the root part being located radially inwards of the hub
part in a retention cavity in use, wherein at least a portion
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of the root part enters the retention cavity via an interlock
which prevents radial separation of the root and hub in
the event of a primary retention device failure.

[0008] Providing an interlock for a part of the root to
pass through so as to be retained within a retention cavity
allows a simple and mechanically robust way of providing
a retention device.

[0009] Theinterlockmay comprise aretentionaperture
which overlaps a portion of the hub part when in normal
use. The aperture may be substantially round. For ex-
ample, the aperture may be circular or oval. The aperture
may include one or more notch or projection in or on a
circumferential edge. The root part may include one or
more notches or projections. The notches and projec-
tions of the respective aperture and root part may corre-
spond to provide the interlock. The interlock may include
a passageway through which the one or more projection
can pass. The passageway may be in the root part or the
hub part.

[0010] The blade may have a longitudinal axis and the
interlock may require the blade to be rotated approxi-
mately about the longitudinal axis of the blade to pass
into the retention cavity via the interlock.

[0011] The passageway may include at least one key
slot in the circumferential edge of the retention aperture
and the root part may include a projection which corre-
sponds to the key slot. There may be a plurality of key
slots and corresponding projections. The key slots and
projections may extend different arcuate lengths. There
may be three key slots. The arcuate length of the key
slots may be in the range between 20 degrees and 125
degrees.

[0012] The passageway may include at least two radi-
ally separated retention apertures and the root part may
include at least two radially separated projections.
[0013] The radially separated projections may be axi-
ally aligned with respect to the longitudinal axis of the
blade.

[0014] The radially separated projections may be axi-
ally asymmetrical so as to provide a distributed overlap
between the projections and the respective retention ap-
ertures when in use.

[0015] The retention aperture may comprise a thread-
ed portion which corresponds to a threaded portion on
the root part.

[0016] The root part may be suspended within the re-
tention cavity in normal use. Suspended may be taken
to mean that the root part is separated from the retention
aperture so as to not contact in normal use.

[0017] The interlock may be radially inwards of the pri-
mary retention device with respect to the rotational axis
of the blade assembly. The interlock may be radially out-
wards of the primary retention device.

[0018] The primary retention feature is a bearing ar-
rangement.
[0019] The separation of the root part and retention

aperture in normal use may be less than 2.5mm. The
separation may be in the range bounded by the values
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1 mm and 3mm.

[0020] The blade assembly may be configured such
that the primary retention device can only be engaged
once the root part has entered the retention cavity via
the interlock.

[0021] In a second aspect, the present invention pro-
vides a method of manufacturing a blade assembly com-
prising: a hub which is rotatable about an axis; at least
one blade having an aerofoil portion and a root, wherein
the root is coupled to the hub using a primary retention
device which prevents radial separation of the root and
hub in normal use; and, a secondary retention device
having a root part and a hub part, the root part being
located radially inwards of the hub part in a retention cav-
ity in use, wherein at least a portion of the root part enters
the retention cavity via an interlock which prevents radial
separation of the root and hub in the event of a primary
retention device failure, the method comprising the steps
of: presenting the root part to the interlock; passing the
root portion through the interlock so that it resides within
the retention cavity in normal use; engaging a primary
retention device.

[0022] Passing the root portion through the interlock
may comprise rotating the root part about the approxi-
mate longitudinal axis of the blade.

[0023] Rotating the root portion may require a contin-
uous rotation through at least one complete revolution.
[0024] Embodimentsofthe invention are described be-
low with the aid of the following drawings in which:

Figure 1 shows a propeller assembly which utilises
a known secondary retention device.

Figure 2 shows a cross section of a known open rotor
gas turbine engine in which the invention may be
used.

Figure 3 shows a cross section of a blade assembly.
Figure 4 shows a cross section of another blade as-
sembly.

Figure 5 shows a plan view of a retention aperture.
Figure 6 shows a perspective view of another hub
and root assembly

Figure 7 shows a perspective view of yet another
hub and root assembly.

[0025] Thus, Figure 2 shows a twin-spooled, contra-
rotating propeller gas turbine engine 210 having a prin-
cipal and rotational axis 209. The engine 210 comprises
acore engine 211 having, in axial flow series, an airintake
212, an intermediate pressure compressor 214 (IPC), a
high-pressure compressor 215 (HPC), combustion
equipment 216, a high-pressure turbine 217 (HPT), in-
termediate pressure turbine 218 (IPT), a free power tur-
bine 219 (FPT) and a core exhaust nozzle 220. A nacelle
221 generally surrounds the core engine 211 and defines
the intake 212 and nozzle 220 and a core exhaust duct
222. The engine 210 also comprises two contra-rotating
propellers 223, 224 attached to and driven by the free
power turbine 219, which comprises contra-rotating
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blade arrays 225, 226.

[0026] The gas turbine engine 210 works in a conven-
tional manner so that air entering the intake 212 is ac-
celerated and compressed by the IPC 214 and directed
into the HPC 215 where further compression takes place.
The compressed air exhausted from the HPC 215 is di-
rected into the combustion equipment 216 where it is
mixed with fuel and the mixture combusted. The resultant
hot combustion products then expand through, and drive
the high, low-pressure and free power turbines 217, 218,
219 before being exhausted through the nozzle 220 to
provide some propulsive thrust. The high, low-pressure
and free power turbines 217, 218, 219 respectively drive
the high and intermediate pressure compressors 215,
214 and the propellers 223, 224 by suitable interconnect-
ing shafts.

[0027] Figure 3 shows a cross sectional representation
of a blade assembly 310 according to the invention and
which corresponds to either one of the propellers 223,
224 shownin Figure 2. The blade assembly 310 includes
a hub 312 and a blade 314.

[0028] The blade 314 includes an aerofoil portion 318
and a root 320 which are connected in coaxial series via
a shaft 321 which lies along the blades longitudinal axis .
[0029] The root 320 is located within a retention cavity
322 of the hub 312 and includes in axial series extending
from the shaft 321, a retention flange 324, body portion
326 and a pitch control shaft 328 which is rotatably con-
nected to a pitch control actuator ( not shown). The cir-
cumferential face of the retention flange 324 includes a
threaded portion 330 which extends across the entirety
of the circumferential face.

[0030] The hub 312 includes a radially inner wall 332,
side walls 334 and a radially outer wall 336 which pro-
vides the outwards facing surface of the hub 312.
[0031] The root 320 is coupled to the hub 312 with a
primary retention device, which, in the embodiment, is a
bearing arrangement 344 located between two respec-
tive radailly opposing faces 340, 342 of the hub 312 and
root 320. The bearing arrangement 344 acts to provide
support for the blade 314 such that it can rotate around
the longitudinal axis of the blade 314 and also retains the
blade root 320 within the hub 312 so as to prevent radial
separation of the two components under the centrifugal
force which is exerted during normal use of the engine.
[0032] The outer wall 336 of the hub includes a circular
retention aperture 338 having a threaded circumferential
face which corresponds to the threaded circumferential
face 330 of the retention flange 324. The threaded ar-
rangement between the retention aperture 338 and re-
tention flange 324 provides a secondary retention device
in the form of an interlock which allows the root 320 to
pass into the retention cavity 322 via a passageway in a
way which prevents radial separation of the root and hub
in the event of a primary retention device failure. Hence,
the retention flange 324 and retention aperture 338 can
be threadingly engaged such that the root 320 enters the
retention cavity 322 by being screwed through the outer



5 EP 2 535 519 A2 6

wall 336 of the retention cavity 322. Once inside the re-
tention cavity 322, direct radial extraction is restricted
due to the overlap of the retention aperture provided be-
tween the inner surface dimension of the hub thread 330
and the outer surface dimension of the retention flange
thread.

[0033] With this arrangement there is provided a sim-
ple and effect secondary retention device which can be
readily assembled and which does not require a skilled
operator to assemble and which does not require any
contact between the root 320 and hub 312 during normal
use. Further, it is necessary for the secondary retention
device to be installed before the primary device can be
installed. Hence, engagement of the secondary retention
device cannot be omitted. It will be understood that sec-
ondary should notbe taken to mean a second to a primary
retention device as there may well be others. Secondary
should be taken to mean after the failure of a primary
retention device, either alone, after, or in conjunction with
other retention devices.

[0034] Figure 4 shows an alternative embodiment of a
blade assembly 410 in which a hub part 412 and a root
part 414 are located radially inwards of the bearing ar-
rangement 416 with respect to the principle axis of rota-
tion (19, Figure 1). As with the previous embodiment, the
interlock between the hub 412 and root 414 parts are
provided with mutually engaging threaded portions such
that a retention aperture is provided in the hub which
overlaps the root part 414. The lower side of the hub part
412 as viewed in the Figure defines a retention cavity
418 in which the root part 414 is suspended in normal
use. In this embodiment, the construction of the hub part
412 and root part 414 are similar with the exception that
the retention aperture of the hub part thread is machined
from a flange located on a side wall of the hub, and the
root part 414 is in the form of a thread which is machined
out of a flange located on the root body portion 420.
[0035] The skilled person will appreciate that the di-
mensions of the retention flange 324 and aperture 338
can be made to provide some clearance so as to prevent
problems associated with the relative movement be-
tween the two components. However, it will be preferable
to keep the surfaces relatively close together such that
the surfaces contact immediately after a bearing failure,
thereby reducing impact between the two components
to a minimum. Further, it may be preferable to allow
enough separation so as to allow the root portion to move
within the retention aperture during a primary retention
device failure such that a detectable vibration is pro-
duced. This vibration could then be used as an indicator
of a failure. A typical minimum clearance would be in the
range of 1 - 3mm depending on the particular arrange-
ment.

[0036] It will also be appreciated that the size and
number of threads will be determined in part by the max-
imum retention force required from the retention device.
This in turn will be determined by the specific application
and the configuration and operating requirements of the
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blade assembly and engine of which it is part. Hence,
although the described embodiment includes multiple
threads, this is not essential and there will be some ap-
plications for which a reduced number of threads can be
employed. Further, it will be appreciated that the overlap
between outer surface dimension of the root flange and
hub aperture, that is the depth of the thread, and the
material and dimensions of the root and hub part need
to be sufficient to withstand the possible forces which
may be exerted on the components in the event of a
failure.

[0037] Figures 5, 6 and 7 show another embodiment
in which a bayonetinterlock is used in place of the thread-
ed interlock described above.

[0038] Figure 5 shows a plan view of the hub 510 with
a retention aperture 514 in the form of a circular bore in
the outer wall 512 of the hub 510. The retention aperture
514 includes a plurality of arcuate cut outs 516a-c in the
circumferential edge 518 of the outer wall 512 of the hub
510 so as to provide the aperture 514 with retention flang-
es 520. In the given embodiment, there are three cut outs
516a-c, each one subtending a given angle, a, b, c re-
spectively which is different from the other arcs.

[0039] Figure 6 shows aroot 610 having a root portion
614 with a plurality of projections in the form of lugs 620a,
620b, 621 a, 621 b. The lugs correspond to the cut outs
616a, 616b in the hub outer wall 612 as described above
and shown further in Figure 6. In the embodiment shown,
there are two sets of radially separated lugs, 620a, 621
a, and 620b, 621 b and two corresponding radially sep-
arated retention flanges 622a, b which form a channel
therebetween. The cut outs 616a, 616b and lugs 620a,
621 a, and 620b, 621 b are axially aligned so as to sit
one above the other with respect to the longitudinal axis
of the blade.

[0040] The cutouts616a,616bdefine aninterlock pas-
sage which provides a path way for the projections to
enter the retention cavity 624. Thus, in use, the root part
614 is manually manoeuvred into the hub outer wall 612
with the lugs 620a, 621 a, and 620b, 621 b and cut outs
616a, 616b aligned. Once inserted to the correct depth,
the root part 614 and hub part 611 are rotated relative to
one another such that the upper lugs 621 b and 620b are
located in the channel defined by the upper and lower
retention flanges 622b, and the lower lugs 620a and 621
a are located below the lower retention flange 622a. In
this way, the lugs 620a, 621 a, and 620b, 621 b are lo-
cated in the retention cavity 624 of the hub part611. Once
within the retention cavity 624, the blade and root part
can be rotated to a desired angle and the remainder of
the assembly, which may include insertion of the primary
retention device (not shown) incorporated. Although the
aerofoil portion of the blade is not shown in Figure 6, it
will be appreciated that they would be present in reality.
[0041] Generally, the number, position and length of
the cut outs will depend on the particular load they are
designed to take in the event of a failure of a primary
retention device failure and the rotational range required
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in operation. Hence, in the embodiment shown in Figures
5 and 6, there are multiple cut outs of different sizes. This
arrangement provides a particular distribution of force as
determined by a number of factors.

[0042] The firstsignificantfactor is the rotational range
required to adjust the blade pitch for normal use. This
will typically be a range of approximately 90 degrees to
move the blade between the so-called feathered to fine
positions, butmay include alargerrange if reverse thrust-
ing is required. The second factor is the magnitude of the
centrifugal force that will act on the blade in the event of
a failure of the primary retention device. The third factor
is the position that the blade will come to rest in during a
failure. This position is largely dependent on the shape
and mass distribution of the blade which determines the
centrifugal turning moment and aerodynamic load and
thus the resting position. Other factors which may affect
the resting position may be extraneous features such as
a stop which prevents rotation of the blade. A stop may
be in the form of a projection or pillar which extends from
a suitable location on the hub part or root part, or other
appropriate location.

[0043] Inthe embodiment shown in Figure 5, three cut
outs 516a - ¢ are approximately equidistantly spaced
around the retention aperture 514, each having a differ-
ent angular length, a, b and ¢, where a = 40 degrees, b
=30degrees and c = 20 degrees. Having varying lengths
allows the overlap between the lugs and retention flanges
to be larger than if the lugs and cut outs are equally sized.
It is also advantageous as the engagement loading be-
tween the lugs and retention flanges can be distributed
around the circumference of the retention aperture as
required. Further engagement can be achieved by having
a plurality of radially separated lugs 620a, 621 a, and
620b, 621 b as shown in Figure 6.

[0044] An alternative arrangement which is advanta-
geous for distributing the engagement load around the
circumference of the retention aperture is shown in Fig-
ure 7. Here, the axially separated lugs 720, 721 are cir-
cumferentially misaligned with respect to the longitudinal
axis of the blade. In this way, the secondary retention
device can have an engagement which is distributed
around the circumference of the root portion so as to
allow for an asymmetric centrifugal loading during a fail-
ure. The assembly of this arrangement is similar to that
described for the assembly shown in Figure 6. However,
instead of inserting the root part 714 directly into the hub
part 711 when the lugs 720, 721 and cut outs 716, 718
are aligned, thefirstlugs inserted into and rotated through
the channel defined by the retention flanges 622 before
being inserted through the second, axially inner set of
cut outs 718.

[0045] As with the threaded embodiment, the size of
the lugs will depend ultimately on the force which they
will experience during a failure of the primary retention
device. However, projections which extend from the re-
spective hub or root part will likely be in the order of a
few millimetres depending on the engagement surface
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that is achieved between the root and hub parts.

[0046] The blade describedinthe above embodiments
is a propeller for an open rotor gas turbine engine. This
may be a conventional metal blade made from titanium
say, or a composite blade, the construction of both being
well known in the art. In each case the root and hub can
be made from Titanium, Steel and Aluminium which are
well known in the art. As will be appreciated by the skilled
person, the secondary retention features may be inte-
grally formed with the root and hub sections with the
threads formed in the appropriate places by machining.

Claims
1. A blade assembly comprising:

a hub which is rotatable about an axis;

at least one blade having an aerofoil portion and
a root, wherein the root is coupled to the hub
using a primary retention device which prevents
radial separation of the root and hub in normal
use; and,

a secondary retention device having a root part
and a hub part, the root part being located radi-
ally inwards of the hub part in a retention cavity
in use,

wherein at least a portion of the root part enters
the retention cavity via an interlock which pre-
vents radial separation of the root and hub in the
event of a primary retention device failure.

2. Ablade assembly as claimed in claim 1 wherein the
interlock comprises a retention aperture which over-
laps a portion of the hub part when in normal use.

3. Ablade assembly as claimedin claims 1 or 2 wherein
the blade has a longitudinal axis and the interlock
requires the blade to be rotated approximately about
the longitudinal axis of the blade to pass into the
retention cavity.

4. A blade assembly as claimed in claims 1, 2 or 3
wherein the root portion includes a projection and
the interlock includes a passageway through which
the projection can pass.

5. Ablade assembly as claimed in claim 4 wherein the
passageway includes at least one key slot in the cir-
cumferential edge of the retention aperture and the
root part includes a projection which corresponds to
the key slot.

6. A blade assembly as claimed in claim 5 wherein the
passageway includes at least two radially separated
retention apertures and the root partincludes at least
two radially separated projections.
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A blade assembly as claimed in claim 6 wherein the
radially separated projections are axially aligned with
respect to the longitudinal axis of the blade.

A blade assembly as claimed in claim 6 wherein the
radially separated projections are axially asymmet-
rical so as to provide a distributed overlap between
the projections and the respective retention aper-
tures when in use.

A blade assembly as claimed in any of claims 2 to 4
wherein the retention aperture comprises a threaded
portion which corresponds to a threaded portion on
the root part.

Ablade assembly as claimed in any preceding claim
wherein the root part is suspended within the reten-
tion cavity in normal use.

Ablade assembly as claimed in any preceding claim
wherein the interlock is radially inwards of the prima-
ry retention device with respect to the rotational axis
of the blade assembly.

A blade assembly as claimed in any of claims 1 to
10 wherein the interlock is radially outwards of the
primary retention device.

Ablade assembly as claimed in any preceding claim
configured such that the primary retention device can
only be engaged once the root part has entered the
retention cavity via the interlock.

A method of manufacturing a blade assembly com-
prising: a hub which is rotatable about an axis; at
least one blade having an aerofoil portion and aroot,
wherein the rootis coupled to the hub using a primary
retention device which prevents radial separation of
the root and hub in normal use; and, a secondary
retention device having a root part and a hub part,
the root part being located radially inwards of the hub
part in a retention cavity in use, wherein at least a
portion of the root part enters the retention cavity via
an interlock which prevents radial separation of the
root and hub in the event of a primary retention de-
vice failure, the method comprising the steps of:

presenting the root part to the interlock;
passing the root portion through the interlock so
that it resides within the retention cavity in nor-
mal use;

engaging a primary retention device.

A method as claimed in claim 14 wherein passing
the root portion through the interlock comprises ro-
tating the root part about the approximate longitudi-
nal axis of the blade.
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